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Abstract
Background: A positive association of socioeconomic position and health is well established in high-income
countries. In poorer nations, however, higher income individuals often have more cardiovascular risk factors
(including obesity) than do those with less income. Our study goal was to estimate the effects of receiving a living
wage (340% higher income) on short-term changes in consumption and cardiovascular risk factors among
low-wage workers in a middle-income country.
Methods: This cross-sectional study matched workers at an apparel factory (n=105) in the Dominican Republic with
those at a similar factory (n=99) nearby, 15 months after the intervention factory introduced a substantially higher
living wage. Statistical matching on non-time varying individual characteristics (childhood health, childhood living
conditions, work experience, demographic factors) strengthened causal inference. Primary outcomes were blood
pressure (systolic and diastolic), pulse rate, body mass index and waist circumference. Secondary outcomes were
dietary consumption and spending on services, consumables and durable goods.
Results: Receiving the living wage was associated with increased consumption of protein, dairy, soda and juice and
sugars, but not with cardiovascular risk factors. Intervention factory workers spent more on grocery items and
household durable goods.
Conclusions: While having a higher income in a middle-income country might be expected to increase obesity
and its associated health risks, the current study found no short-term negative associations. There may be possible
longer-term negative health consequences of increases in consumption of soda, juice and sugars, however. It is
important to consider complementary interventions to support healthy dietary intake in areas with increasing wages.
Keywords: Diet, Blood pressure, Obesity, Occupational health, Socio-economic
Background
Given the existence of a socioeconomic gradient for
diseases including cardiovascular disease [1], one might
expect that raising the income of those in poverty would
improve health. The exception, however, may be in low
and middle-income countries (LMIC) where inverse
associations of socioeconomic status and cardiovascular
risk factors have been found. For example, countries
below $2500 per capita gross domestic product (GDP)
tended to have higher rates of obesity among the
wealthy, with the relationship reversed in countries with
greater than $2500 per capita GDP [2]. In addition, the
evaluation of interventions in Mexico and Columbia
providing income to families via conditional cash trans-
fer (CCT) programs have found that increased cash pro-
vided to the households was associated with increased
risk for obesity in adults [3–5].
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While these findings suggest the potential for deleteri-
ous impacts of income on cardiovascular risk factors in
LMIC, there are several reasons that this question
requires further investigation. First, the small number of
prior investigations of effects of increased income on
obesity, blood pressure and nutritional consumption
have been based on governmental sponsored CCT
programs, and effects may differ by type (and amount)
of income intervention. In high-income countries, mini-
mum wage laws have been used to increase the wages of
workers. A complementary approach to public sector
minimum wage ordinances are private sector interven-
tions [6]. This includes paying workers a living wage,
defined as a minimum income standard – the wage
necessary to procure basic goods and services, rather
than an arbitrary minimum wage. Differences in effects
on health related factors may reflect differences in the
nature of the income intervention itself [7]. Secondly,
CCT programs that have been evaluated involve a much
smaller increase in income. For example the CCTs in
Columbia and Mexico represented a 20-30% increase
among the poor, while living wages can increase income by
more than 10 times that amount. Thirdly, although more
than a dozen CCT programs exist, examining impacts on
risk factors for cardiovascular health is very uncommon
[8]. Finally, CCTs by definition require specific behavior
changes – i.e. the “conditions” associated with the cash
award – and thus not just an income intervention.
Investigating the impacts of an increase in income is
critical to the 6 billion people living in LMICs, where
the majority of the world’s poor live. Within the popula-
tion of people living in poverty, cardiovascular disease
(CVD) has emerged as a threat to overall health; three-
quarters of global deaths due to CVD are in LMICs
[9, 10]. In an analysis of countries worldwide, death
rates from chronic disease were 54% and 86% higher
for men and women in LMICs than in high-income
countries [11]. While deaths due to infectious disease
are still of primary importance and result in substan-
tial mortality, in particular early in life, the emergence
of CVD is a threat that also must be addressed.
We examine the association of participating in a living
wage intervention with obesity and cardiovascular risk
factors. In two previously published papers, we have re-
ported the positive effects of this living wage interven-
tion on reducing depressive symptoms and improving
self-reported health [12, 13]. Here we test whether these
benefits extend to cardiovascular diseases or whether
cardiovascular risk is increased. We examined BMI,
waist circumference, systolic blood pressure, diastolic
blood pressure and pulse. We also examined differences
in consumption patterns in order to better understand
the mechanisms through which changes in cardiovascu-
lar risk factors could occur.
Methods
Data
Our intervention sample was workers at an apparel fac-
tory that opened in April of 2010, and hired 130 individ-
uals from a small city in the Dominican Republic. Prior
to opening the factory, the owners of the factory decided
to pay workers a living wage, which was not disclosed to
workers applying for jobs at the factory. The initial
monthly wage was set at RD$18153 which was 340%
higher than the legal minimum wage in the free trade
zone of RD$5400. A single factory for obtaining the
‘comparison’ study sample was chosen because it best fit
predetermined criteria for a matched factory: it manufac-
tured apparel, was of a similar size, was less than 50 miles
from the intervention factory and was located within a city
of a similar size and population distribution.
The data from this study come from an in-person sur-
vey and a physical exam administered in the workers’
homes in July and August of 2011. Of the 107 eligible
workers at the intervention site at the introduction of
the living wage, 105 completed surveys (2 refused to
participate). Six of these stopped working at the factory
during the 15 month period prior to data collection,
bringing the intervention factory sample to 99 workers.
Of 132 eligible workers at the comparison site, 105 com-
pleted surveys (18 were untraceable, 5 were no longer
working, 3 were absent when surveys were conducted,
and 1 declined to participate). Thus, the final sample
consisted of 204 workers: 99 workers from the treatment
site and 105 workers from the comparison site.
Matching variables
In order to control for possible baseline differences
between the workers in the intervention factory and the
comparison factory, we matched on factors that could
be associated with differences in the outcomes we
examined:
Childhood health and deprivation
Participants were asked “In the first 15 years of your life,
was your health: excellent, good, normal, bad or very
bad.” “Excellent”, “good” and “normal” were collapsed
together as good health. They were also asked whether
there was a bathroom or latrine inside their childhood
home and whether the home had electricity in the first
15 years of life; response options were “always,” “some-
times” or “never,” which we recoded into two categories
of “always” and “sometimes” or “never”.
Demographics
We also matched on gender, years of work experience,
and years of education. Of all matching variables only
height was missing some observations: 7 individuals
were missing height and 2 had biologically implausible
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values recorded (< 80cm). These 9 individuals were
assigned the mean level of height by gender in our
sample (158.5 cm for women, 169.4 cm for men) for
matching purposes in order that these observations were
not dropped from all analyses.
Consumption and expenditure outcomes
Finances
Monthly household income and monthly savings were
self-reported. Total debt was calculated by summing
self-reported amounts of all of a participant’s current
debts and loans. Information was also collected about
whether participants had taken out any loans in the past
year, the purpose(s) of the loan(s), the source(s) of the
loan(s), and if the participant was behind on any
payments.
For recurrent expenses, participants were asked to re-
port how often they spent money on a particular cat-
egory of expenses and how much they spent on average
each time. For annual expenses, participants were asked
to report how much money they spent on a particular
category of expenses in the past 12 months.
Diet
Participants reported the number of times various types
of food were consumed during the last seven days using
a food frequency questionnaire [14]. For dietary con-
sumption we removed implausible reports of consump-
tion that were more than 5 standard deviations away
from the mean (we removed 1 value for healthy carbo-
hydrates, 1 value for vegetables, 2 values for soda and
juice and 1 value for sugars).
Cardiovascular risk factor outcomes
Participants were weighed using a digital scale with two
weights taken to the tenth of a kilogram; height was
measured without shoes using a stadiometer and mea-
sured twice to the nearest mm, using a standardized
protocol [15]. Waist circumference was measured twice
to the nearest mm with the tape measure snug but not
compressing the skin. Blood pressure was measured
using an Omron HEM-790 automated blood pressure
monitor. Participants were seated, and had not smoked,
had alcohol or been physically active in the 30 minutes
prior to the measurement. Two blood pressure and
pulse rate readings were taken 1 minute apart; the
average of the two readings for each of these measures
was used. Obesity was defined as BMI ≥30, overweight
as BMI ≥25, high blood pressure as systolic≥120 mmHg
or diastolic≥80 mmHg, tachycardia≥85 beat per minute,
and high waist circumference as ≥85 cm for women
and ≥90 cm for men [16].
Statistical methods
We use a statistical matching approach for making infer-
ence from our data because there is unlikely to naturally
be exact matching between individuals in the interven-
tion and comparison factories with respect to factors
that may be related to the outcomes we examine [17].
We matched on the following eight characteristics which
occurred prior to the study exposure and were hypothe-
sized based on prior knowledge from the literature to
potentially be associated with the exposure or outcomes:
age, gender, height, years of formal education, years of
work experience, good childhood health, childhood in a
home with a latrine and childhood in a home with elec-
tricity. We use an algorithmic matching method, ‘genetic
matching’ to calculate the optimal match across these 8
criteria [18]. This method has similarities to the more
commonly used propensity score and Mahalanobis dis-
tance approaches but has the advantage of nonparamet-
ric matching to optimizing the matching algorithm
across covariates [18]. This model choice does not in-
volve the outcomes, but only involves selecting the best
model for how the eight potential confounding factors
predict the treatment. We use the “matching” [19] and
the “Rgenoud” package [20] in the R statistical environ-
ment for our analyses.
After matching, we estimated the group mean of each
outcome of interest and calculated a t-test statistic to de-
termine whether the difference would be expected by
chance. In sensitivity analysis we found that the quality
of matching using ‘genetic matching’ in our data was
slightly better than using an alternative propensity score
approach, and thus present the findings using ‘genetic
match’ (data not shown). However, we also present in
supplemental material our results using a propensity
score approach implemented using the “MatchIt” pack-
age in R [21].
While our primary results are presented in the popula-
tion as a whole, systematic analyses have shown that the
relationship between anthropometric factors and income
may differ by gender [22]. Thus we also fit gender strati-
fied models of the relationship between treatment and
cardiovascular risk factors.
Results
Comparison of the characteristics of the intervention and
comparison factories
Table 1 shows the characteristics of the intervention and
comparison factories before and after matching, and a
statistical test of differences between the levels of each
variable for the treatment factory and the comparison
factory.
The Additional file 1: Figure S1 presents a comparison
of the intervention and comparison factories before
matching, showing generally similar characteristics with
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the exception of childhood electricity and gender. The
matching resulted in a much closer balance by gender and
electricity in childhood. Because the goal of the matching
algorithm is to find particular individuals in the compari-
son factory that are the best overall match with each indi-
vidual in the treatment factories, some characteristics
appear on average to be less similar after matching.
Impacts of intervention on economic outcomes
Table 2 shows the impact of the intervention on house-
hold earnings, savings and debt.
As expected, monthly household income was much
higher for intervention factory workers. Intervention
workers also had significantly higher levels of monthly
savings. Although intervention workers also reported
more debt than did comparisons, the nature of the debt
was different: loans to intervention workers were 66
percentage points more likely to be from a bank and 38
percentage points less likely to be overdue on debt pay-
ments compared to workers in the comparison factory.
Impacts of intervention on spending and consumption
Table 3 shows treatment effects for both spending and
dietary consumption.
In addition to greater savings, reported in Table 2, we
found significantly greater spending on some types of
expenditures.
Specifically, there was significantly more household
spending at the grocery store, on furniture and home
appliances, on computers and related technology and on
home repair for households with individuals working at
the living wage factory.
Reflecting greater spending on groceries, we found
significantly greater reported consumption of several
types of foods in the intervention group. The greatest
difference was in consumption of dairy and protein, 0.83
and 0.67 standard deviations higher in the living wage
factory. Smaller differences were found in consumption
of soda and juices and sugars.
Impacts of intervention on cardiovascular risk factors
Table 4 shows estimates of treatment effects on clinical
cut-points and continuous measures of cardiovascular
risk factors.
There were no differences found between the treat-
ment and comparison factories for any of the risk factors
we examined.
Table 1 Comparison of worker characteristics in the living wage factory and the comparison factory prior to and after statistical
matching
Before matching After matching
Living wage factory Comparison factory p-value Comparison factory p-value
Age 35 34 0.025 36 0.073
Female 0.76 0.57 0.0031 0.75 0.83
Height 162 162 0.89 161 0.32
Formal education 3.7 4.6 0.95 3.1 0.050
Work experience 13 13 0.42 13 0.80
Good childhood health 0.61 0.68 0.27 0.72 0.10
Latrine in childhood 0.13 0.21 0.15 0.22 0.09
Electricity in childhood 0.70 0.54 0.017 0.72 0.75
Table notes: Age is in years, height is in centimeters, formal education is in years, work experience is in years. Female, poor childhood health, latrine in childhood
and electricity in childhood are dichotomous measures – values in table are prevalence proportion
Table 2 Matched analysis of the effects of the living wage factory on household earnings, savings and debt.
Treatment Effect Standard error T-statistic p-value
Income and savings
Monthly household income (RD$) 13454 2460 5.5 <0.001
Monthly savings (RD$) 2578 714 3.6 <0.001
Debt
Total debt (RD$) 19737 4611 4.3 <0.001
Loan source is bank 66 0.23 2.8 0.0054
Overdue payments on debt -38 0.11 3.4 <0.001
Table notes: Values for monthly household income, monthly savings and total debt are shown in Dominican pesos. Overdue payments on debt is for the past
year and is among individuals who have debt (n=198). Loan source is bank is a yes/no variable and is among individuals reporting having a loan (n=104).
Treatment effect is an absolute difference taken by subtracting the mean in the control factory from the mean of the treatment factory. For loan source is bank
and overdue payment on debt, differences are in percentage points.
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Table 3 Matched analysis of the effects of the living wage factory on consumption
Treatment Effect Standard error T-statistic p-value
Diet
Healthy carbohydrates -0.0030 0.20 0.015 0.99
Vegetables 0.20 0.19 1.1 0.29
Fruits -0.11 0.20 0.52 0.60
Protein 0.67 0.20 3.3 <0.001
Dairy 0.83 0.20 4.2 <0.001
Soda and juice 0.46 0.16 2.8 0.0047
Sugars 0.27 0.11 2.5 0.013
Services spending
School fees (RD$) 2177 1436 1.5 0.13
Consumable spending
Grocery/supermarket (RD$) 59795 16204 3.7 <0.001
Prepared food (RD$) -5826 6491 0.90 0.37
Other food (RD$) 10778 8563 1.3 0.21
School materials (RD$) 2125 68356 0.031 0.975
Transportation (RD$) -6577 22300 0.29 0.768
Durable good spending
Furniture/appliances (RD$) 9732 1615 6.0 <0.001
Car/motorcycle (RD$) -4731 4707 1.0 0.31
Computer (RD$) 2265 848 2.7 0.0075
Property (RD$) 4687 4134 1.1 0.25
Home repair (RD$) 12528 4881 2.6 0.010
Table notes: Dietary measures are frequency of consumption (number of times per week) Z-scored so treatment effect is in terms of standard deviation. Services,
consumable and durable good spending treatment effects are presented as a difference between the mean in the treatment factory and the mean of the control
factory. RD$ is Dominican pesos. At the time of the study the exchange rate was 1 US dollar to 38 RD$; 1 Euro to 49 RD$; 1 British Pound to 57 RD$
Table 4 Matched analyses of the effects of the living wage factory on worker cardiovascular risk factors
Treatment effect Standard error T-statistic p-value
Clinical cut-points
High blood pressure -2.0 6.9 0.29 0.78
High pulse rate -7.6 9.7 0.78 0.43
Obese 8.1 8.4 0.96 0.33
Overweight 11 10 1.1 0.27
Large waist circumference -1.0 8.9 0.11 0.91
Continuous measures
Systolic blood pressure (mm Hg) -2.9 2.9 1.0 0.32
Diastolic blood pressure (mm Hg) -2.1 2.5 0.85 0.40
Pulse rate (beats per minute) -1.2 2.6 0.47 0.63
BMI (kg/m2) 1.4 1.1 1.3 0.20
Waist circumference (cm) -0.072 2.2 0.032 0.97
Table notes: Treatment effect is the difference between the mean in the control factory subtracted from the mean of the treatment factory. Frequencies for
clinical cut-points were: high blood pressure (n=34); high pulse rate (n=50); obese (n=34); overweight (n=95); large waist circumference (n=110). Obesity was
defined as BMI ≥ 30, overweight as BMI ≥ 25, high blood pressure as systolic ≥ 120 mmHg or diastolic ≥ 80 mmHg, tachycardia as ≥85 beats per minute, and high
waist circumference as ≥ 85 cm for women and ≥ 90 cm for men
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Supplemental analyses
While we did not have statistical power to test for effect
measure modification by gender, we did test for associa-
tions within gender strata (data not shown). A notable
association was found for pulse where there were lower
levels in the treatment factory for women (-8.8, p =
0.0071) but not for men (3.3, p = 0.45). We found
similar differences based on the clinical cut-point for
tachycardia (Odds ratio=0.74, p=0.0062 for women;
Odds ratio=1.34, p = 0.035 for men). We did not find
substantial or statistically significant differences between
the treatment and comparison factories within gender
groups for any of the other cardiovascular risk factors.
We also examined all of our findings using an alterna-
tive statistical matching approach [23, 24] in order to
test whether any of our findings were dependent on the
particular matching algorithm (see Additional file 1:
Tables S1-S3). Findings were similar.
Discussion
We examined the impacts of a workplace intervention
involving low-wage apparel workers in the Dominican
Republic, who were paid a living wage of RD$18153 per
month as compared to the prevailing minimum wage of
RD$5400 per month, and the world bank poverty level
equivalent of RD$1500 per month. We found no nega-
tive impacts on any of the measures of cardio-metabolic
risk for the intervention versus the comparison workers.
In terms of spending, we found that households in the
intervention group were more likely to spend money on
groceries (especially protein, dairy and, to a lesser extent,
soda and juices), furniture and home appliances, com-
puters and related technology, and on home repair.
The absence of differences in BMI and waist circum-
ference between the groups is notable, and in contrast
with prior literature on CCT programs. Given the
greater expenditure on groceries and consumption of
sodas, juices and sugars by the intervention workers and
the positive association in LMICs between socioeco-
nomic status and obesity, it is encouraging that the liv-
ing wage workers did not show higher rates of obesity.
That said, the effects of increased consumption of soda,
juices and sugars may not emerge until later, beyond our
15-month follow-up period. The finding that there were
even stronger differences in consumption of dairy prod-
ucts and protein suggests that the additional funds may
have been used in a more balanced manner that did not
promote excessive weight gain. It will be important,
however, to monitor changes over time to determine if
longer-term detrimental dietary patterns emerge and
create health risks. The health of the workers may bene-
fit from both local and national programs focused on
improving dietary consumption in the context of
economic development in order to optimize the overall
benefits of living wage interventions in middle-income
countries [25, 26].
Taken together with previously reported findings of a
reduction of depressive symptoms and a significant in-
crease in self-rated health among those employed in the
intervention factory [25, 26], these findings are encour-
aging. The positive impacts on savings, protein and
household consumption are similar to those found in
prior studies of CCT programs [27, 28]. There are also,
however, differences found as compared to other studies
that demonstrate the context dependent nature of
income based interventions [7], including differences in
the effects on debt [27], and differences in the effects on
fruit and vegetable consumption [28].
Analyzing the impact of a private sector living wage
involves analytic challenges since workers are not ran-
domly assigned to the living wage condition. However,
several factors work against selection bias. First, workers
did not know at the time they applied for employment
that they would be paid a living wage; the hiring pool
was thus very similar to that of the comparison factory.
Secondly, we chose a comparison factory that was
similar on key characteristics to the intervention factory.
We also analytically matched on eight individual charac-
teristics that occurred prior to the intervention and that
could be related to cardiovascular disease risk.
Our study, however, is limited by the fact that this
intervention took place in only one factory and the num-
ber of workers in this factory limited our statistical
power. Low statistical power could account for the lack
of detected differences in cardio-metabolic risk. It is
important to emphasize that the evaluation of impacts is
for 15 months, and it is unknown whether obesity will
increase over longer periods of time. However, prior
work in Mexico did find impacts on obesity after just 23
months, and the fact that in this study no adverse im-
pacts were found among women who were not yet over-
weight at baseline suggests that the lower prevalence of
overweight individuals in our population at the time of
intervention could be important for explaining the
difference in findings [4]. Finally, this intervention took
place in one LMIC, the Dominican Republic (gross
national income per capita is approximately $6,000).
LMICs are extremely diverse socially and economically.
How and why living wage interventions diminish or
exacerbate cardiovascular disease must be understood in
each different context [29].
The findings of this study are encouraging in terms of
overall positive effects of efforts to pay a living wage to
workers. Workers receiving a higher wage saved more
and invested more in goods (e.g. computers, furniture
and appliances and home repair), which could raise their
standard of living in a more sustained way. They also
spent more in grocery markets and had greater intake of
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protein and dairy products. Greater consumption of
protein and dairy can have positive impacts on health,
although future work should examine the specific
sources of protein consumption given the potential for
negative health and environmental consequences of
animal based protein [30]. In addition, we found higher
levels of spending on sodas, juices and sugars in the
living wage factory. The association with cardiovascular
risk, whether measured as a continuous variable or in
terms of clinically-meaningful cut-offs, were not statisti-
cally significant. However, we did observe a greater con-
sumption of sodas/juices and sugar.
It is important to emphasize that while we do not
observe differences in cardiovascular risk between the
treatment and control factories, these differences may
emerge over a longer period of time. Considering our re-
sults on higher levels of soda/juice and sugar consump-
tion in the living wage factory, our study suggests the
need for policies to promote healthier diets in conjunc-
tion with increases wages. While countries at all income
levels need to address the increasing incidence of obesity
and diabetes in their populations, this may be of the
greatest importance in countries undergoing increases
in wages, or in locations where living wages are im-
plemented [31, 32]. Several types of interventions may
be of use, including approaches that focus on avail-
ability of types of food as well as food prices and tax-
ation [33–35]. Given the fact that our living wage
intervention was employer based, an additional actionable
approach could involve workplace-based changes to
address specific aspects of dietary intake [36, 37].
Conclusions
Conditional cash transfer programs in low and middle in-
come countries have shown benefits for some health out-
comes, but several studies have shown that there are
increases in obesity. No previous research has examined
the effects of a living wage intervention in a low or middle
income country on dietary consumption and cardio-
metabolic risk factors, including obesity. We found that
following the implementation of the living wage policy at
the factory, there was increased consumption of protein,
dairy, soda and juice and sugars, but not with cardiovascu-
lar risk factors. In consideration with other beneficial
impacts of the living wage, it suggests that there is an
overall benefit on health and development, but with
potential harm for long term cardio-metabolic health from
increased soda, juice and sugar consumption.
Additional file
Additional file 1: Sensitivity analyses. Table S1, S2 and S3 and Figure S1.
(DOCX 109 kb)
Abbreviations
BMI: Body mass index; CCT: Conditional cash transfer; CM: Centimeters;
CVD: Cardiovascular disease; GDP: Gross domestic product; LMIC: Low and
middle-income countries; Mm: Millimeters; MmHg: Millimeters of mercury;
RD$: Dominican pesos
Acknowledgments
Not applicable.
Funding
Funding was obtained from UC Berkeley (pilot funds), UC San Francisco/
Berkeley Robert Wood Johnson Foundation Health and Society Scholars
Program (pilot funds), and the Eunice Kennedy Shriver National Institute
of Child Health and Human Development (Grant number: R21
HD056581). Dr. Rehkopf is supported by the National Institute of
Aging (K01 AG047280). Study funders had no role in the study design,
collecting, analyzing, or interpreting data, writing the report, or in the
decision to submit the article for publication.
Availability of data and materials
The R script to perform the analyses is posted at the Stanford Data Archive
with a doi and permanent URL. The dataset used for analysis is available
from the corresponding author.
Authors’ contributions
DHR, LCHF, MCA and SA designed the study and created the survey
instruments. DHR and LCHA obtained funding for the study. EF worked to
supervise the collection of data and the implementation of the survey and
field measurements. KB and JCL did the initial analysis of the economic
outcomes. DHR analyzed the health outcome data and lead the overall
analysis approach. DHR created the initial draft of the manuscript. All authors
helped to interpret study findings and contributed to substantive editing of
the manuscript for content. All authors read and approved the final
manuscript.
Ethics approval and consent to participate
The study was approved by Committee for the Protection of Human
Subjects at the University of California at Berkeley and signed informed
consent for research and publication and dissemination of research was
obtained from all participants.
Consent for publication
Not applicable.
Competing interests
Sarah Adler Milstein is an employee of Workers Rights Consortium which
calculated the level of the living wage for the intervention factory.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Division of Primary Care & Population Health, Stanford University, Stanford,
CA, USA. 2Department of Internal Medicine, Legacy Health, Portland, OR,
USA. 3Department of Medicine, University of California San Francisco, San
Francisco, CA, USA. 4Worker Rights Consortium, Washington, DC, USA.
5Swedish Medical Center, Seattle, WA, USA. 6Inter-American Development
Bank, Washington, DC, USA. 7Department of Health Services & Epidemiology,
University of Washington School of Public Health, Seattle, WA, USA. 8Center
for Health and Community, University of California San Francisco, San
Francisco, CA, USA. 9Division of Community Health Sciences, School of Public
Health, University of California, Berkeley, Berkeley, CA, USA.
Rehkopf et al. BMC Public Health  (2018) 18:179 Page 7 of 8
Received: 25 May 2017 Accepted: 10 January 2018
References
1. Adler NE, Rehkopf DH. U.S. disparities in health: descriptions, causes, and
mechanisms. Annual Review of Public Health. 2008;29:235–52.
doi:10.1146/annurev.publhealth.29.020907.090852.
2. Monteiro CA, Moura EC, Conde WL, Popkin BM. Socioeconomic status and
obesity in adult populations of developing countries: a review. Bulletin of
the World Health Organization. 2004;82(12):940–6.
3. Fernald LC, Gertler PJ, Hou X. Cash component of conditional cash transfer
program is associated with higher body mass index and blood pressure in
adults. J Nutr. 2008;138(11):2250–7. doi:10.3945/jn.108.090506.
4. Leroy JL, Gadsden P, Gonzalez de Cossio T, Gertler P. Cash and in-kind
transfers lead to excess weight gain in a population of women with a high
prevalence of overweight in rural Mexico. J Nutr. 2013;143(3):378–83.
doi:10.3945/jn.112.167627.
5. Forde I, Chandola T, Garcia S, Marmot MG, Attanasio O. The impact of cash
transfers to poor women in Colombia on BMI and obesity: prospective
cohort study. Int J Obes (Lond). 2012;36(9):1209–14. doi:10.1038/ijo.2011.234.
6. Baumüller H, Husmann C, Von Braun J. Innovative business approaches for
the reduction of extreme poverty and marginality?: Springer; 2014.
7. Rehkopf DH, Glymour MM, Osypuk TL. The Consistency Assumption for
Causal Inference in Social Epidemiology: When a Rose is Not a Rose. Curr
Epidemiol Rep. 2016;3(1):63–71. https://doi.org/10.1007/s40471-016-0069-5.
8. Ranganathan M, Lagarde M. Promoting healthy behaviours and improving
health outcomes in low and middle income countries: a review of the
impact of conditional cash transfer programmes. Preventive medicine.
2012;55:S95–S105.
9. Lim SS, Gaziano TA, Gakidou E, et al. Prevention of cardiovascular disease in
high-risk individuals in low-income and middle-income countries: health
effects and costs. The Lancet. 2007;370(9604):2054–62.
10. Gaziano TA, Bitton A, Anand S, Abrahams-Gessel S, Murphy A. Growing
epidemic of coronary heart disease in low-and middle-income countries.
Current problems in cardiology. 2010;35(2):72–115.
11. Abegunde DO, Mathers CD, Adam T, Ortegon M, Strong K. The burden and
costs of chronic diseases in low-income and middle-income countries. The
Lancet. 2007;370(9603):1929–38.
12. Burmaster KB, Landefeld JC, Rehkopf DH, et al. Impact of a private sector
living wage intervention on depressive symptoms among apparel workers
in the Dominican Republic: a quasi-experimental study. BMJ open.
2015;5(8):e007336. doi:10.1136/bmjopen-2014-007336.
13. Landefeld JC, Burmaster KB, Rehkopf DH, et al. The association between a
living wage and subjective social status and self-rated health: a quasi-
experimental study in the Dominican Republic. Soc Sci Med. 2014;121:91–7.
doi:10.1016/j.socscimed.2014.09.051.
14. Day NE, McKeown N, Wong M-Y, Welch A, Bingham S. Epidemiological
assessment of diet: a comparison of a 7-day diary with a food frequency
questionnaire using urinary markers of nitrogen, potassium and sodium.
International Journal of Epidemiology. 2001;30(2):309–17.
15. Physical status: The use of and interpretation of anthropometry, Report of a
WHO Expert Committee1995.
16. Janssen I, Katzmarzyk PT, Ross R. Body mass index, waist circumference, and
health risk: evidence in support of current National Institutes of Health
guidelines. Archives of internal medicine. 2002;162(18):2074–9.
17. Sekhon JS. Opiates for the matches: Matching methods for causal inference.
Annual Review of Political Science. 2009;12:487–508.
18. Diamond A, Sekhon JS. Genetic matching for estimating causal effects: A
general multivariate matching method for achieving balance in
observational studies. Rev Econ Stat. 2013;95(3):932–45.
19. Sekhon JS. Multivariate and propensity score matching software with
automated balance optimization: the matching package for R. J Stat Softw.
2011;42(7):1–52.
20. Mebane WR Jr, Sekhon JS. Genetic optimization using derivatives: the
rgenoud package for R. J Stat Softw. 2011;42(11):1–26.
21. Ho D, Imai K, King G, Stuart E. MatchIt: Nonparametric preprocessing for
parametric casual inference. R package version. 2006;2:2–11.
22. Patel CJ, Ioannidis JP, Cullen MR, Rehkopf DH. Systematic Assessment of the
Correlations of Household Income With Infectious, Biochemical,
Physiological, and Environmental Factors in the United States, 1999–2006.
American journal of epidemiology. 2015:kwu277.
23. Ho DE, Imai K, King G, Stuart EA. Matching as nonparametric preprocessing
for reducing model dependence in parametric causal inference. Political
analysis. 2007;15(3):199–236.
24. Ho D, Imai K, King G, Stuart E. MatchIt: MatchIt: Nonparametric
Preprocessing for Parametric Casual Inference. R package version. 2006:2.-11.
25. Lachat C, Otchere S, Roberfroid D, et al. Diet and physical activity for the
prevention of noncommunicable diseases in low-and middle-income
countries: a systematic policy review. PLoS Med. 2013;10(6):e1001465.
26. Ruel MT, Alderman H. Maternal, Group CNS. Nutrition-sensitive interventions
and programmes: how can they help to accelerate progress in improving
maternal and child nutrition? The Lancet. 2013;382(9891):536–51.
27. Angelucci M, Attanasio O, Di Maro V. The impact of Oportunidades on
consumption, savings and transfers. Fiscal Studies. 2012;33(3):305–34.
28. Hoddinott J, Skoufias E. The impact of PROGRESA on food consumption.
Economic development and cultural change. 2004;53(1):37–61.
29. Kunitz SJ. The health of populations : general theories and particular
realities. Oxford. New York: Oxford University Press; 2007.
30. Tilman D, Clark M. Global diets link environmental sustainability and human
health. Nature. 2014;515(7528):518–22.
31. Cecchini M, Sassi F, Lauer JA, Lee YY, Guajardo-Barron V, Chisholm D.
Tackling of unhealthy diets, physical inactivity, and obesity: health effects
and cost-effectiveness. The Lancet. 2010;376(9754):1775–84.
32. Prentice AM. The emerging epidemic of obesity in developing countries.
International Journal of epidemiology. 2006;35(1):93–9.
33. Rao M, Afshin A, Singh G, Mozaffarian D. Do healthier foods and diet
patterns cost more than less healthy options? A systematic review and
meta-analysis. BMJ open. 2013;3(12):e004277.
34. Faith MS, Fontaine KR, Baskin ML, Allison DB. Toward the reduction of
population obesity: macrolevel environmental approaches to the problems
of food, eating, and obesity: American Psychological Association; 2007.
35. Mytton OT, Clarke D, Rayner M. Taxing unhealthy food and drinks to
improve health. BMJ. 2012;344:e2931.
36. Maes L, Van Cauwenberghe E, Van Lippevelde W, et al. Effectiveness of
workplace interventions in Europe promoting healthy eating: a systematic
review. European journal of public health. 2012;22(5):677–83.
37. Geaney F, Kelly C, Di Marrazzo JS, et al. The effect of complex workplace
dietary interventions on employees’ dietary intakes, nutrition knowledge and
health status: a cluster controlled trial. Preventive medicine. 2016;89:76–83.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Rehkopf et al. BMC Public Health  (2018) 18:179 Page 8 of 8
